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IJ     ABftTNACT 

He G HSI-T«OU WAS FOUND IN TAIWAN, IN I961*, IN TWO CHINESE SISTERS WHO WERE 

BORN IN HOPCI PROVINCE. STRUCTURE ANALYSES NOW HAVE SHOWN THAT THE ANOMALY IN THIS 

VARIANT 19 AT THE 8"79 OR $EFo POSITION WHERE A GLYCYL GROUP REPLACES THE ASPARTYL 

GROUP NORMALLY PRESENT AT THAT LOCATION.  ANOTHER HEMOGLOBIN VARIANT FOUND IN CHI- 

NESE SUBJECT», HB G rAICHUNO, PREVIOUSLY HAS BEEN REPORTED TO HAVE THE STRUCTURE 

CHANGE ASP-* hlS AT THE CORRESPONDING LOCATION IN THE O.  CHAIN, POSITION Cff^ OR 

a-71*. 
|N THE INDEX CASE SEPARATIONS OF THE HEMOGLOBIN FRACTIONS BY CHROMATOORAPHY 

WITH DEAE-SEPHADEX COLUMN REVEALED THAT THE RELATIVE AMOUNTS OF HBS A0 AND G HSI-TSOU 

WERE 5l| AND UP, RESPECTIVELY.  PRESENCE OF H3G HSI-TSOU IN THE HETEROZYGOTE APPARENTLY 

CAUSES NO ANEMIA. 
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(deceived July .ihth, ig7i) 

SUMMAKY 

Hb (i Hsi-Tsou was found in Taiwan, in i()<)4, in two Chinese sisters who were 
born in Hopei Province. Structure analyses now have shown that the anomaly in this 
variant is at the ji-ji.) or ^EPj position where a Rlyvyl group replaces the aspartyl 
group normally present at that location. Another hemoglobin variant found in ("l.i- 
ncse subjects, Hb G Taichung, previously has been reported to have the structure 
change Asp -» His at the corresponding location in the a chain. Position «lil'".5 orn-74. 

in the index case separations of the hemoglobin fractions by chromatographv 
with DKAK-Sephadex column revealed that the relative amounts of Hbs A,, and (i 
Hsi Tsou were 54 and 4()"u, respectively. Presence of Hb(i Hsi-Tsou in the hetero- 
zygote apparently causes no anemia. 

INTRODUCTION 

A hemoglobin variant with the singly slow electrophoretic mobility in alkaline 
pi! characteristic of G hemoglobins was found in one female Chinese adult during a 
popuhtion survey1 in Kjtty, Recently the variant, named G Hsi-Tsou, was examined 
by chemical structure studies and found to have a single amino acid substitution in 
the/9Tg paptids. As described below, the aspartyl group normally present at Position 
jl-H) (helical No. EF3) is replaced by a glycyl group; accordingly, Hb (i ilsi-Tsou 
may be represented u a,//,'» Aip-oiy, 

MATKKIALS AND UBTHODI 

The index subject with Hb (1 Hsi-Tsou was a 45-year-old ('hinese woman 
who was born in Hopei Province of mainland China. A sister of the index subject 

' The opinions und unUtiODI contnincd horein arc thoNe of the mithom and ari' not (o bo 
ronstrui'd as official or rüllectiiiK tho viuws of the U.S. Navy Department or the I'.S. Naval Service 
at larRc. 

" MailiiiK  address froni   U.S.:   I'nblicatiuns Office,   U.S.   Naval   Medical   Kesearch   Unit 
No. i, Uux 14, Al'O San I'rancisco. Calif. gtaÖJ, U.S.A. 
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also was lound to have th • variant. In lx)th cases the subjects were heterozygotes 
with mixtures <>f hemoRlobins A and (1. 

The standard methods of chemical structural analysis used m the present study 
have been descrilH'd in previous reports* '. 

RESULTS AND DISCUSSION 

The Mood hemolysate was examined by starch-gel electrojihoresis» at pH .H.() 
and both Hbs A and (i were present. Klectrophoresis of the mixture on CcUdfel* 
snowed the (i hemoglobin to have an anomalous /J-chain The hemoglobin mixture 
was separated by column chromatography10 with DEAE Sephadex A-5o-l2o using 
a Tris HCl gradient buffer system7. The two major components were measured 
spectrophotometrically in the column eflluent and the ratio of Mb A,, to Hb (i was 
54 to 46. 

Hemoglobin (i Hsi-Tsou was subjected to tryptic digestion8 * and the i^ptide 
mixture examined by mapping"'12. The ninhydrin-stained map (i'ig. 1) appeared 
normal except that the spot generally occupied by peptide /Hi), Position I, was 
missing and a new spot was present at Position 2. 

For further analytical work the abnormal peptide, /fCiT<), was separated7 from 
the other tryptic peptides by clectrophoresis on paper for 2.5 h at 3000 V using pyri- 
dine acetate buher at pH 5.4, followed by additional clectrophoresis at 5000 V for 
1.5 h using format'1 buffer at pH 1,9. For comparative studies normal peptide/fAT() 

i 

V* 
• 

# 
1 ■ ,    i 

!#•" 

* 

^t .V^tiH**,'■, ^^H' »W. 
rtgWUh' 

Pig, 1. I'rptide map 111.nil' firom tryptic. dlgeit of piinticd gtobifl from Uli Q IIHI-THOII. Di'taiU 
of ck'ctropliorcsiH anil cliroiMiitoKraphy proicdnros nsoil for mapping have bcon ilcscribed in pre- 
vious reports4 '; 6,4% ninhydrin was used for stainini,'. I'eptide /iA Ti», which normally is found 
ut Position 1 on the map, is missiiiK. Parallel to that position chromatogrnphically but displaiid 
to the left electrophorelically is the new spot at Position i. As described in the text, the new pep- 
tide at Position 1 was found to have nearly the same amino acid composition as/MTcj, except 
lor one mote »{lycyl and one less aspartyl uronp, and was called /<" Ti», The faint stainiiiK pattern 
of the new peptide, like that normally found for peptide /(AT(), is due to the occurrence of a valyl 
residue at the N-tenninal position. The increased cathodal mobility of peptide/J"Tcj compared 
with that of/<ATi) results from replacement of one aspartyl group by a glyovl grottpl the chuiiKei! 
mobility matches the slower electrophoretic mobility, in starch ^el at alkaline pit, of Hbflllsi- 
Tson compared with that of Hb A0. 

Ihochim. Hidpliys. Aria, itf [tf%1i) ('j-5.1 
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was separatfil from its pcptitle mixture in the usual maiiner4 •. Both pejjtides were 
clutcd from paper with 0.1 M acetic add and vacuum dried. 

A portion of both purified peptides /fAT<) and /f*T() were analyzed for amino 
acids using a Technicon amino acid analyzer. Table I shows that a glycine residue 
replaces either an aspartyl or an asparaginyl residue in the (i'Tt) section of Hl) G Hsi- 
Tsou. Mecause cf th- altered electrophoretic mobility of the (1 Hsi-Tsou molecule, it 
was likely that glycine replaced an aspartyl residue rather than a neutral asparaginyl 
residue. I'lirthermore. whereas two of the four possible sets of codons for Rlycine can 
arise from those of aspartic acid by a single base transition, the same relationship 
between (,'lycine and asparaf,'ine does not exist. Thus it appeared most likely that 
Rlycine replaced one of the two aspartyl residues in peptide ßTq (Fig. 2) either at 
Position /f-73 or /<-7(). To determine which aspartyl position was involved the /<0T() 
peptide was partially fragmented; at the same time parallel studies were made with 
peptiiie ftAT(). 

Sampln of peptides ^AT() and //0T() were treated in sealed evacuated tubes at 
110" for iX h with 0.03 M HCl to cleave selectively the peptide linkages involving as 

|i 111 
it li1 

-Vul-Lcu-Gly   Alu   l'hc  Scr|Asp|Gly-Lcu-Aia-Hi'i- U-uJAspJAsnUeu-Lys 
67 72 173 174 78 | 79 I 80 J 81     82 

II I        I       • 

Peplidc /3AT9 

Pif, 2. IVplidc /J*T9 riinluins Hi atnino acid residues (torn vislyl at position fl-67 to lysyl lit ß-Hz. 
Aspartyl residues occur at Positions jl-yt and (t-jt) and one aspaniKinyl residue is located at Po- 
sition ß-Ho. Vertical dashed lines indicate the peptide bonds where specilic hydrolytic cleavages 
would be expected after treatment with O.03M HCl hydrolysis". The heavier dashed lines on 
both sides or aspartyl groups at I'oMitions //-y.) and ji-yf) are intended to emphasize the «reater 
amount of selective olMVttfS at those positions compared with that OCCUffiflg lietween //-Ho and 
fl-Hi. In the latter case the aspara^inyl «roup must be hydrolyzed to aspartyl before the selective 
clcivane occurs. 

IHnchim. liuipkys. Ada, 257 (IQ72) 40 53 
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|wrtvl r«'M»luts'» As shown in I i^ .> hvi- |ir|Hidm SIK.IIII! IN- (MmluM-d by this trrat 
nu-iil t.f ixptidr /<*T() Heat nulud. two larpi iN|.ti<|.s the m-utial li«xaj>f|iti<lf 
from I'oMtmn fihj to/i 7J and tlu- haM< |n-nta|)«|)tuJ«- from ^-74 to (i-jH All livr of 
tin- |H|>lid<-s wt-n- found In addition, tier aspartir ai id was identified; it was released 
from Positions/y;! and/* 7<) l>v the sei,-, tivr hvdr..i\sis" of the/f*!"., |)eptide und. 1 
the relaliveU mild hvdrolytic Cimdkl—■ provide<l at 110 h\ ooj M M( I All hve 
jH-ptides trom (i^Wt had the exjierted ammo and i'om|x.sjtions No se<|iien(e studies 
were made on the hve |)eptides hut amounts .it individual ammo a« ids were del« r 
minitl m seleettd inptides14 I01 example, the IMSK pentapeptidr «ontamed aac 
Klyeine. two leu<ine>, one alanine and one histidme Irom these data and the known 
sequeme of peptide/fAT() it was assumed that the fN-ntaiH-ptide hau the .trmture 
(ilv l.eu Ala Mis I.eu Si(,'iuh(antlv, asdescriln-d In-low, this |H'|)ti(le-vas nc!» foun<' 
in ^(,T() except as |)art of a larger |N>ptide. 

Vul   Leu   C.ly   All   Phe   Sei • A^ »tily   l.cu   Al.i   His   I tu  (.ly | AMI «leu   I ys 
67 72 I 73 I 74 79 ' 80 I HI     82 

!• I        , 

Hcplidc ^;T9 

I'K t I'l'plicle li"lii, likr /PTi), ciintiuiiH id ,111111111 ami n-ni luen Inim vulyl at rnsilioii /( (17 in 
lysyl at /< Hi. Irom rxpernm ntal results ilfsi tilxsl in the trxl, Uly nplMM Asp at I'omlimi /( 71) 
I'lio vi'iljral (lashed Inn-» inclicatc llr prptidr IIHIIIIH »Incli wciulij lie rxpcitcil to iimlrrKo HMClAc 

1 lrava»{<' Iniin hvilnilyniK with 0,ej M IK I IIVIIIOIVHI»". 

The same study (if peptides released l>y selei tive tleava|B ol aspartvl honds in 
peptide^M't) produred differences (Fif, .»). I'tmr peptides were found on the peptide 
map instead of the tive for i)eplide/W(). One neiitral hexapeptide had ttie same map 
liication and the same amino acid composition as the neutral hexapeptide from pep 
tide ^ATi) and was judged to he Vid Leu (ily Ala i'he Ser from positions ^-(7 to 
ß-fl. Its presence indicated selective cleavage between Positions ^7«- and [l-jt and 
therehy showed that the aspartyl group must still heat l,(isition/<7.| in/i'n'i) peptide 
as it is in fi*'Y() peptide, The hasic pentapeptide (ily Leu Ala Mis Leu desenhed 
ahove as present in//AT() was not present in Ümß*Tg\ in its place was a hasic peptide 
containing two flydnt and two Itlieinfl groupi and one each of alanine and histidine. 
This was assumed to he the hexapeptide (ily Leu Ala Mis Leu (ily which would 
represent Positions ^74 toß-fq in (PT.) including the new glycyl residue at position 
ti-7() replacing the aspartyl group found at that position in ^ATi|, In addition Ihm 
was a basic peptide containing glycine, leucine, alanine, histidine, asparagine (as- 
partic acid after liydnilysis with 57 M MCI prior to amino acid analysis) and lysine 
This was assumed to be the larger peptide, illustrated in Pig. j, extending (iom gly 
cine at Position ^74 to ("-terminal lysine at ß-Hi. The basic dipeptide leucyllysine, 
representing Positions/<-8i and fl-Hi. also was found as in peptide//ATi) Ms presence 
confirms the hvdrolytic cleavage between Positions 80 and 81. No tripeptide con- 
taining aspartyl or asparaginyl along with leucine and lysine was found and none 
would be expected in the absence of aspartyl at Position fi-yq. 

Bioehim, liiophys. Ada, ij; (K);^) 49-53 
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TArn l<i(cH>irr UM- mbuw xlru. Uii.il il.ila mdiialr thai "f tin- twn piiwtiltk 

|M>Mtiiiiis./f 7J ami/i 7<i. il is Ihr lall« |»>sitn>ii wlirfi KIV< \l npLurs .is|>4il\l in HI' 

d IIM Txiu 
Hh (■ HM Tsuii n-iwi-vnt tlir MIIMHI lnnii>K:i>liui variant known «<> mvolvr 

tlu-/< 7<)<ir/fKI'.j |»i>Mlion lii«- criKinal !■ lit nuiKlolmi rr|ioi!««t in n»S4 l>v KOIHUTOK 

ANI» I.hHMANN'* wa> lain < alliit (. A(«ra and sldiwn'* t.> \>rfij% Asp AMI Anotlu-r 

variant found in ( IIIIH-V suhjirts, Hl> <• laithuiif;, lias thr i lianKr Asp « Hiv a) 

MM a 74 or aKI-j |)osiiiori" 
Thus far no other sul>)f'ts rxirpl the two sistns itcsirilMii almvr 'lave IHI-II 

found wiili Mli d Hsi TSOII   ihr variant appaicntlv rauvs no anrnna in th«- carrier. 
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